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Antigen Receptor Signaling Minireview
Gives Lymphocytes a Long Life
Michael S. Neuberger sheath. However, in contrast to B cell activation, the
signals from pre-BCR that drive progression throughMedical Research Council
maturational checkpoints are transmitted in the absenceLaboratory of Molecular Biology
of foreign antigen. Whether there is an endogenous li-Hills Road
gand that regulates the signaling or whether it is simplyCambridge CB2 2QH
the very existence of a pre-BCR that is sufficient toUnited Kingdom
trigger the differentiation remains a moot point. How-
ever, the fact that clonal pre±B cell lines can undergoTickle and entertain us or we die
ordered V gene rearrangements in vitro suggests that,Ðfrom Retirement by William Cowper, 1782
even if a physiological ligand exists, something present
on the pre±B cell itself can do the job.
The requirement for maintained BCR expression in
The development of B lymphocytescanbe broadly divided order for a mature B cell to persist is demonstrated by
into two major phases. In the first, antigen-independent
Lam et al. (1997) using the technique of inducible gene
phase, a programmed sequence of immunoglobulin
targeting to delete the rearranged VH gene in mature BV-(D)-J gene rearrangements yields a population of lym- lymphocytes. Mice are created that carry in their germ-
phocytes, each of which makes its own characteristic line a VHDHJH integration that is flanked by loxP sites,immunoglobulin molecule. In the second phase, en- targets of the Cre recombinase of bacteriophage P1.
counter with foreign antigen leads to a selective expan- Crossing the mice carrying this ªfloxedº VH integration
sion of those B cells that make a cognate antibody: they with mice that express the Cre recombinase under con-
differentiate into either antibody-secreting plasma cells trol of the interferon promoter yields animals that can,
or into memory B cells. on treatment with interferon, be induced to delete the
It is the B cell antigen receptor (BCR) that mediates floxed VH segment and ablate their only productive IgH
the response of the B lymphocyte to foreign antigen. allele. This inducible deletion is impressively efficient.
The existence of BCR was a central prediction of the Looking at the T cells (which will, of course, harbor the
clonal selection hypothesis with Burnet (1959) stating loxP-flanked productive VH integration since it is present
that ªit would simplify matters a great deal if the antigen in the germline), induction of the Cre recombinase leads
were in a position to react with natural antibody or a to deletion of the VH gene in most cells; as expected,
pattern equivalent thereto on the surface of the cell however, this loss of the VH gene does not affect T
which produced it.º Although originally invoked to ac- cell persistence. In contrast, in the B cell population VH
count for the proposed antigen-specific activation of B deletion not only leads to diminished BCR expression
cell clones, it has become clear in recent years that BCR but the cells go on to decrease their MHC class I and
plays a central role in signaling the fate of a B cell even II expression, up-regulate Fas ligand, and undergo
before it encounters antigen. First, it was shown that apoptotic death. B cell numbers in the spleen fall to
progression through the pre±B cell stage of differentia- around 20% three weeks after the start of interferon
tion (during which antigen receptors are being assem- treatment.
bled) depends on signals from BCR or its precursor (pre- In the absence of the mm chains, a BCR cannot be
BCR). Now, in addition to this role of BCR in enabling assembled and the Ig-a/Ig-b signaling component of
the B cell to get itself a life, we learn from the work of the receptor cannot be transported to the cell surface.
Lam et al. (1997 [this issue of Cell]) that the persistence So these results clearly establish that, in vivo, BCR ex-
of mature B lymphocytes depends on the continued pression is needed for B cell maintenance. This presum-
presence of BCRÐdespite the fact that foreign antigen ably means that mature B cells need continual signaling
has not yet been encountered (see Figure 1). from BCR in order to stay alive (although one cannot at
It took several decades for the full composition of the present exclude the possibility that there is a specific
BCR predicted by Burnet to be elucidated. It consists mechanism that simply recognizes and kills B cells de-
of a membrane-anchored isoform of the immunoglobulin nuded of BCR). The persistence signal delivered by the
itself sheathed by a heterodimer (Ig-a/Ig-b) responsible BCR on mature B cells does not lead to entry into cell
for mediating the signal transduction. During pre±B cell cycle or an up-regulation of the costimulatory molecules
development, productive VH-DH-JH rearrangement leads for T cell interactionÐchanges that rapidly ensue when
to the formation of a pre±B cell receptor (composed of the BCR on the same cells is intentionally cross-linked
mm and a surrogate light chain sheathed by the Ig-a/Ig-b with high-affinity antigen or anti-immunoglobulin. One
heterodimer); this receptor instructs the cell to cease must therefore conclude that, on a single cell, BCR can
further VH rearrangements and ensures allelic exclusion deliver quite different signals: one that leads to persis-
at the immunoglobulin heavy-chain (IgH) locus. Simi- tence and the other to activation. Presumably, the dis-
larly, when the cell has achieved productive rearrange- tinction lies in the nature and extent of BCR cross-
ments at both heavy and light chain loci, a complete linking.
BCR is assembled and this signals an end to the prolifer- Foreign antigen is not required in order to generate
ation and rearrangements of the pre±B cell phase. and maintain a primary repertoire: lymphocytes can ma-
As in B cell activation, these signals driving pre±B ture in gnotobiotic animals. The requirement for BCR
for B cell maintenance therefore means either that thecell development are transmitted through the Ig-a/Ig-b
Cell
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Figure 1. Steps in B Lymphocyte Development Regulated by Signals from the Antigen Receptor
Ordered rearrangement of the V, D, and J gene segments is regulated by the pre-BCR complex, which comprises l5 and V pre±B chains in
place of IgL; the pre-BCR complex is depicted on the cell surface although it is possible that this complex signals from within the cell.
Formation of a BCR with a high affinity for an abundant self-antigen can prevent entry in the mature B cell pool, so negative selection through
BCR can operate at the immature/mature transition; positive selection (through low affinity interactions with endogenous ligands) is also a
possibility. The results of Lam et al. (1997) indicate that BCR signaling is implicated in controlling the persistence of mature B cells while they
recirculate awaiting encounter with foreign antigen.
receptor on mature B cells is continually being tickled repertoire in vivo and thus contribute to the shaping of
this repertoire in the periphery. Here, it is instructive toby endogenous antigen or that it can deliver a signal to
the cell simply by virtue of being thereÐwithout need compare B and T cells. Since T cells see antigen in
the context of MHC, one should simply be able to askof ligand interaction. Circumstantial data indicate that
retained BCR expression may even be needed to main- whether naive peripheral T cells persist in the absence
of MHC molecules. Some sleight of hand is needed totain viability of some B cell tumors. Thus, follicular B
cell lymphomas that subject their own Ig V segments to perform these experiments: maturation of developing T
cells requires them to see MHC as part of the positivehypermutation rarely give rise to Ig-negative variants,
even as a way of escaping anti-idiotype therapy (see selection process in the thymus. So the fate of naive
peripheral T cells or foetal thymocytes from a normalBahler and Levy, 1992). Similarly, while it is relatively
easy to obtain mutants of the mouse B cell lymphoma (or T cell receptor trangenic) donor have been examined
following transfer into recipients deficient in MHC classWEHI 231 resistant to anti-IgM-mediated death, this re-
sistance is achieved by modulating BCR signaling path- I or class II expression (Takeda et al., 1996; Tanchot,
1997). Alternatively, selective expression of MHC classways in various ways but not by ablating expression
of BCRÐdespite carrying only a single productive Ig II in the thymus has been achieved by intrathymic injec-
tion of an adenoviral vector carrying MHC class II genesrearrangement (e.g., see Monroe et al., 1989). Further-
more, biochemical evidence indicates that BCR trans- into an MHC class II±knockout mouse (Rooke et al.,
1997). The findings of these different studies are notmits a signal even in the absence of ligand: reconstitu-
tion of BCR in a mouse plasmacytoma can lead to entirely congruent, in part probably reflecting the differ-
ent experimental strategies but also doubtless influ-profound changes in the dynamic phosphorylation state
of various cytosolic intermediates in the signaling cas- enced by thedifferent types of T cell lookedat. Neverthe-
less, the consensus appears to be that, in the absencecade even in the absence of antigen (Wienands et al.,
1996). of appropiate MHC expression in the periphery, the half-
life of naive T cells is substantially shortened. Thus,Thus, it is likely that, as discussed for pre-BCR signal-
ing, BCR can transmit a signal without needing a ligand the long persistence of naive T cells in the absence of
intentional antigenic stimulation appears in part to re-present on another cell type. Nevertheless, this does
not address the issue of whether endogenous ligand flect continual tickling by MHC.
While provocative, this conclusion with regard to T celldoes play a role in maintenance of the primary B cell
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persistence does not, of course, prove that endogenous to give it a weaker but essential survival signal. The
biochemical mechanisms by which the two distinct sig-antigen plays an analogous role for primary B cells. How
can the issue be resolved? Useful information might nals can be given by the same receptor in the same cell
remain a major focus for future study. The other criticalbe gleaned from comparisons of turnover rates of Ig-
transgenic B cells carrying different antigen specifici- issue is to determine who is responsible for thecontinual
tickling of BCR that is required to keep apoptosis at baytiesÐand therefore presumably displaying a different
range of affinities for the spectrum of self-antigens. or whether the very existence of BCR is sufficient to
provide a signal, without need of ligand interaction.However, in contrast to the tricks available to T cell
researchers allowing them to distinguish thymic and
Selected Readingperipheral selection events, it could prove quite a chal-
lenge unambiguously to discriminate the effects of di-
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Sci. USA 93, 7865±7870.pool should be dependent on BCR signaling: there is
no point in populating the mature pool with cells that
have gone through the pre±B cell stage without manag-
ing to assemble a functional BCR. It is less evident
why persistence in this pool should be designed to be
dependent on continual BCR signaling. It may relate to
the fact that only a small proportion of the mature B
cells generated every day actually make it into the long-
lived recirculating pool. A requirement for continual sig-
naling by BCR could reflect a role for low affinity antigen
(both endogenous and exogenous) in the shaping of the
repertoire of specificities of long lived B cells: a form of
continuously acting positive selection. Maybe this could
contribute to ensuring an optimal diversity of useful
specificities.
A similar sort of thinking can be applied to the second-
ary B cell repertoire. The somatic hypermutation inflicted
on B cells in germinal centers to facilitate affinity matura-
tion is likely, by way of lateral damage, to give rise to
some cells lacking a functional BCR. It is possible that,
given the likely alternation of hypermutation and antigen
selection, it is useful to have a checkpoint during the
generation of the secondary repertoire that asks for BCR
simply to be there. However, exiting into the long-lived
memory B cell pool must (unlike exiting into the primary
repertoire) depend not just on BCR being there but also
on its being able to recognize specific foreign antigen
with high affinity. This leads to the vexed issue of
whether persistence of antigen-specific B cells in the
long-lived memory pool depends on retaining BCR ex-
pression or whether repeated encounter with high-affin-
ity antigen is also needed. The experiments of Lam et
al. (1997) do not address this issue, but they do point
toward experimental approaches that could shed light
on it.
Thus, while a mature B cell is awaiting a foreign anti-
gen to engage its BCR and deliver a full-scale activation
signal, it is continually relying on the same receptor
